APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745. 3US 



1/12 





CM 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745. 3US 



2/12 




APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745.3US 



3/12 




APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745.3US 

4/72 




p 




1 — Y 










1 



I 

(2 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745. 3US 



5/12 





APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745.3US 



6/12 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745.3US 



7/12 



50 




Patient 



Fig. 7 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745. 3US 



8/12 




Patient 



Fig. 8 A 




Pati nt 



Fig. SB 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745.3US 



9/12 




Fig. 9 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. Orr et al. 

Filed September 8, 2003 
Attorney Docket No. 2745. 3US 



10/12 




150 



170 



Fig. 10 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. On et al. 

Filed September 8, 2003 
Attorney Docket No. 2745. 3US 



234 



232 



Cancel collected 
baseline values 



t 



Decrease partial 

re-breathing 
^ deadspace 



230 



Is VCO2 during 
re-breathing 
greater than M 
80% of 
baseline? 



200 



11/12 

► Detect end of exhalation - 

Calculate from each breath 
the etCC>2, VCO% inspired 
COo and airway deadspace 

Estimate FRC from airway m 
deadspace and constants 

Correct VCO2 using 
conversion equation 
VCO2 = VCO2 + FRC x AetC0 2 /Pbar 

Repeat^breath 



202 



204 



206 



208 



210 



212 



214 




( Cancel collected 
J baseline values 



228 



No 



Re-sample VCO2 and etC02 
signals for even 
sampling in time 

Calculate estimate ofpCO£ 
in parallel deadspace 

Calculate estimate of pCC>2 
in the alveoli 

Initiate re-breathing 

+ 

Calculate re-breathing induced 
change in VCO2 and alveolar CO2 

No Is change in VC0 2 less than 20% Yes i ncreas l e par { ia i 

of baseline VCO2 or is change 

in partial pressure of alveolar 
CO 2 less than 3mm Hg? 

Convert the alveolar partial pressure 
__(etC02) signal to CO2 concentration 

and calculate re-breathing induced " 
change in CO2 concentration 

Calculate cardiac output using 

equation: 238 
AVCO2/ACCO2 

End program 



226 



224 



t 



222 



re-breathing 
deadspace 



220 



236 



Fig. 11 



APPARATUS AND METHOD FOR NON-INVASIVELY 
MEASURING CARDIAC OUTPUT 
Inventors: Joseph A. On et al. 

Filed September 8, 2003 
Attorney Docket No. 2745.3US 



12/12 




Patient 



Fig. 12 



